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Abstract
Background: Reconstruction of nasal defects secondary to Mohs micrographic surgery
(MMS) presents particular challenges related to the complex topography, skin quality,
tissue laxity and functional and aesthetic concerns of the region. Factors affecting outcomes
resulting from second intent healing (SIH) on the nose have not been well described.

Purpose: The purpose of the study was to identify factors impacting outcomes of SIH for
nasal tumors following MMS.

Methods: Retrospective analysis was performed of all nasal lesions treated with MMS
followed by SIH from a single surgical center over a 1.5-year period. Ninety-six cases were
included. Chart review was performed, and data was collected including age, gender, nasal
site, tumor type, defect size, depth and number of MMS stages. Pre- and post-operative
follow-up photographs were available for all cases. All five authors evaluated the
photographs using the modified Manchester scar scale. Analysis was then conducted to
identify features associated with good outcomes.

Results: Of the 96 tumors, thirty-nine lesions (40.6%) were located on the nasal tip
(including supratip), 32 (33.3%) on the ala/alar groove, 17 (17.7%) on the sidewall, and
eight (8.3%) on the dorsum. The average defect size was 0.83cm2 (diameter of 1.06
centimeters ± 0.4). Defect diameter and defect depth were the factors that significantly

4
impacted scar outcome (p<0.001) in multivariate analysis. No significant functional
deficits were reported.

Conclusion: This retrospective study suggests that nasal defects with area less than
0.83cm2 (or 1.06 cm diameter) and depth of defect not extending beyond the superficial fat
healed well by SIH regardless of location on the nose.
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Introduction
Non-melanoma skin cancer (NMSC), including basal cell carcinoma (BCC) and squamous
cell carcinoma (SCC), is the most common malignancy in the United States, with an
estimated 3.5 million NMSCs occurred in approximately 2.5 million individuals in the US
annually [1, 2]. It is estimated that one in five Americans will develop skin cancer during
their lifetime. Risk factors for NMSC include environmental factors such as past
cumulative and intermittent sun exposure, pigmentary phenotype, immunosuppression,
and genetic risk factors. More than 65% of NMSC occur on the head and neck, an area that
can be of great functional and aesthetic concern for patients [3]. Given that the nasal region
is of great functional and aesthetic concern for patients, preservation of structure and
symmetry should be emphasized in tumor extirpation and reconstruction considerations.
Mohs micrographic surgery (MMS), developed by Frederic E. Mohs, MD, in the 1940s, is
considered the most effective technique for NMSC, particularly those on the head and neck,
where it provides cure rates of at least 97-98 percent. A number of treatment modalities are
in existence for NMSC, including MMS, traditional surgical excision, cryosurgery,
photodynamic therapy, radiation therapy, electrodessication and curettage, and topical
chemotherapeutic agents. Among these treatment modalities, MMS has the significant
advantage of the lower recurrence rates. The goal of MMS is margin surveillance with
tissue conservation, and this is achieved under local anesthesia in the out-patient setting
[4]. The tissue is processed and embedded en-face allowing for circumferential view of the

7
peripheral and deep margins. The tissue is processed in real-time while the patient is
waiting in the office. Following Mohs surgery, evaluation of the defect is performed, and
the decision is made to whether repair the defect or allow the defect to heal by second
intention.
In predicting the cosmetic result of wounds healed by secondary intent, location is an
important factor to consider [4,5]. Wounds on the concave surfaces such as the alar groove,
conchal bowl of the ear, the medial canthus of the eye and temple region can heal with
excellent cosmesis and minimal functional impairment in appropriately selected patients.
Traditional dogma suggests that second intention healing on defects along free margins or
on convex surfaces should be avoided. However, a recent study of post-Mohs surgery
defects on the lower vermilion lip area that had healed by second intent showed satisfactory
functional and cosmetic outcomes outside of concave surfaces [5]. Hence, close
examination of second intent healing of other facial sites is warranted.
Wound healing following surgery is a complex process that begins with hemostasis via
platelet aggregation, fibrin clot formation, and vascular constriction. In this phase, various
growth factors such as TGF-B, EGF and PDG-F are secreted and activate fibroblasts,
endothelial cells and macrophages in the surrounding environment. Simultaneously,
neutrophils are recruited to prevent infection. In the second phase, there is
neovascularization, and myofibroblasts induce neo-collagen synthesis. By this point, new
epithelium is forming, and once formed over the course of 18-24 months, this epithelium
is continuously remodeled until its composition and properties are closest to those of the
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original healthy tissue. During this process, the scar can undergo several complications:
hypergranulation tissue, erythema, hypertrophic, or atrophic scars, notching, or webbing.
More specifically, sub-optimal healing can result in various complications unique to the
nasal region including nasal asymmetry, alar elevation, alar notching and nasal valvular
collapse.

While SIH is a well-established modality for surgical defects, it has not been systematically
studied in nasal wounds. Zitelli reported his experience with wound healing by SIH in 1983
and described several cases in which this produced excellent functional and aesthetic
results in nasal wounds [6]. Nevertheless, factors associated with desirable outcomes have
not been fully identified.
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Statement of Purpose & Specific Aims of the Thesis

Statement of Purpose
This thesis utilizes historic data over wo years of experience at Yale Dermatologic Surgery
Department in performing Mohs Micrographic Surgery for non-melanoma skin cancer to
explore outcomes of the second intent healing of surgical defects in the nasal region
following MMS.

Specific Aims
-

Assess the patient population who underwent Mohs Micrographic Surgery on the
nose and received no primary closure of the defects following the surgery from
2016-2018

-

Through statistical analysis, identify the parameters that predict good to excellent
outcomes for nasal wounds that heal by second intent post-Mohs surgery
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Methods
Patient selection
This was a retrospective study of patients evaluated during 03/2018 – 06/2019 at Yale
Dermatologic Surgery, Yale University School of Medicine. The study was exempt by the
Yale Institutional Review Board (IRB number 2000026159). Patients were included if they
met the following inclusion criteria: 1) had a biopsy-proven nasal NMSC that was treated
with MMS, 2) the lesion was allowed to heal by second intention and 3) the patient had inoffice follow-up with photography of the scar for review. The nasal region was defined by
the following cosmetic subunits: ala/alar groove, dorsum, sidewall, and nasal tip (including
supratip).

Six hundred eighty tumors treated with MMS were identified. The electronic medical
record (EMR) was reviewed to exclude cases that were not predominantly within the nasal
region and those that underwent surgical reconstruction following MMS. This resulted in
128 cases that were allowed to heal by SIH. Of these, 96 cases were completely healed and
had appropriate follow-up photographs, which were included for final analysis.

Data extraction
Chart review was performed to assess the following patient-related data anonymously: age
at the time of treatment, gender, and predisposing tumor syndromes, such as basal cell
nevus syndrome (BCNS). The following tumor-related data points were recorded:
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anatomic location, involvement of the nasal margin (alar rim), duration of follow-up,
number of MMS stages, qualitative depth and pre- and post-MMS defect dimensions. The
frozen sections were reviewed to determine the maximal depth of the defect. The defect
area was calculated using the formula for area of an ellipse: A= π x major radius x minor
radius. Then, post-surgical follow-up visit dates, complete photographs (post- operative
and follow-up photographs), and complications were recorded. Complications included
notching, hypertrophic scar, alar retraction, and depressed scar. All patients followed
standard wound care.

Scar and depth scales evaluation
Three dermatologic surgeons (D.J.L, S.R.C., and K.C.S.), one dermatologic surgery fellow
(N.K.) and one Yale medical student (D.N.K) reviewed the post-MMS and follow-up
photographs and evaluated the scar outcomes using the modified Manchester scar scale [8].
This scale was chosen as it has been utilized in photographic assessments and incorporates
characteristics of scarring important on nasal skin, specifically scar color and quality,
contour and distortion. A maximum score of 24 denotes worst possible outcome, while a
minimum score of 5 denotes best outcome (Table 1). As quantitative depth measurements
were not available, qualitative depth analysis was performed histologically as illustrated in
Table 4. The depth was scored by determining the deepest histologic level seen on review
of slides from MMS procedure.
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Statistical analysis
Correlation of patient- and tumor-related variables with overall outcomes was assessed
using Chi-square tests (for categorical variables), and univariate and multivariate logistic
regression using Stata, version 16.1. Outcomes were also analyzed as continuous variable
using Prism 8.0. To determine correlation between variables, a Spearman correlation
coefficient was used.
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Results
A total of 96 cases were identified for analysis (Table 2). Basal cell carcinoma represented
91% (87) of the lesions, with squamous cell carcinoma comprising 9% (9). The mean
patient age was 68 (range 33-89), and 31.2% of lesions were in males. Only one patient
had an underlying tumor syndrome, namely BCNS. Thirty-nine lesions (40.6%) were
located on the nasal tip (including supratip), 32 (33.3%) on the ala/alar groove, 17 (17.7%)
on the sidewall, and eight (8.3%) on the dorsum. Depth analysis revealed that 13 (14.3%)
lesions had depths located in the superficial dermis, followed by 25 (27.5%) to deep dermis,
9 (9.9%) to superficial fat, 40(44%) to the fibromuscular layer, 2(4.4%) to deep fat and 2
(4.4%) to cartilage/bone. Four (4.17%) defects involved the nasal margin on the alar rim.
Twenty-six (27%) cases were free of tumor after 1 MMS stage, 47 (49%) after 2 stages,
and 23 (24%) after >2 stages. The mean largest defect diameter was 1.06 cm (median 1.01,
range 0.32-2.52 cm), while the mean defect area was 0.83cm2 (median 0.56, range 0.073.53 cm2). The median follow-up period was 75 days (mean 120, range 21-400 days).

14

Table 1: The modified Manchester Scar Scale (MSS) [8]. A perfect score of 5 denotes a scar that has
healed optimally.

All five authors evaluated the cases using the modified Manchester Scar Scale [8]. The
scores were then averaged to determine an equally weighted mean score. The mean score
across all cases was 10.8; with tip 11.5, sidewall 9.5, dorsum 11, and ala/alar groove 10.5
(Table 3A). Additionally, the mean scores across the range of defect depths were 8.6 for
superficial dermis, 9.0 for deep dermis, 10.9 for superficial fat, 11.7 for fibromuscular layer,
15.4 for deep fat and 18.3 for cartilage/bone, as in Table 3B.
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Table 2: Patient demographics
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Table 3: Scar scale score based on location (A) and depth (B)
A

B

Patient- and tumor-related variables impacting scar scores were identified. Outcome by
defect area was analyzed for each of the 4 anatomic locations and showed a statistically
significant correlation between the score and the defect size for all lesions combined, as
well as when size was evaluated in subgroup analysis for lesions on the tip, dorsum and
ala/alar groove (Figure 1A). Although trending positively, outcome on the sidewall did
not significantly correlate with size. Similarly, as seen in Figure 1B, a strong correlation
between depth and scar score was found for all lesions, as well as in subgroup analysis for
the nasal tip and ala/alar groove.
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Based on the distribution of data in Figure 1A, there was a group of cases clustered below
the mean scar score of 10.8. Hence, the mean score of 10.8 was defined as the cutoff, below
or equal to which cases were defined as healed favorably and above which they were
defined as healing sub-optimally. Based on this definition, fifty-five cases (57.3%) healed
with optimal results.

Defects that had healed with optimal results had smaller mean diameter of 0.83cm,
compared with those that did not, which had a mean diameter of 1.36cm. In fact, 77.4%
(41/53) of lesions with defect diameter of less than or equal to the mean diameter of 1.06
cm healed with optimal outcomes, compared with only 32.6% (14/43) of defects >1.06cm
(p<0.001; Figure 2A). Wound depths were histologically measured according to Table 4.
All (13/13) superficial dermis lesions healed with optimal cosmetic outcomes, followed by
88% (22/25) deep dermis, 56% (5/9) superficial fat and 43% (17/40) fibromuscular layer
(p<0.0002; Figure 2D). Defects in the deep fat and defects that extended to cartilage or
bone healed sub-optimally, with all lesions having scores above 10.8 (4/4).
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Figure 1: The impact of defect diameter (A) and depth (B) for each anatomic location
on final outcome evaluated by the Manchester Scar Scale
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Moreover, 84.6% of defects with 1 MMS stage had favorable outcomes whereas those with
2 or more MMS stages had optimal outcome rate of 47.1% (p<0.001; Figure 2C). However,
number of stages was not significant in multivariate analysis, likely suggesting that
increased number of MMS stages resulted in larger and deeper defects.

Age, gender, follow-up days and margin involvement were not significant determinants of
outcome. Although insignificant (p=0.06), 63.6% (42/66) of lesions on females had
optimal healing response, as compared with 43.3% (13/30) on males with optimal response.
Location had no statistically significant impact on the outcome (p=0.328; Figure 2B), but
there was a trend toward improved healing on the sidewall and dorsum vs ala/alar groove
and tip. 76.5% (13/17) lesions on the sidewall had optimal responses, followed by 62.5%
(5/8) on the dorsum, 53.1% (17/32) on the ala/alar groove and 51.3% (20/39) on the tip.
As shown in Figure 3, the best Manchester Scar Score per anatomic location was 6.25 for
tip (A), 6.25 sidewall (B), 6.25 dorsum (C), and 6 for ala/alar groove (D).

Univariate/multivariate logistic and continuous regression analysis indicated that the
significant predictors of outcome included the defect diameter with odds ratio of 0.0617
per centimeter increase (p=0.001), and defect depth to the fibromuscular layer with odds
ratio of 0.0915 (p=0.046, Table 5).
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Figure 2. Percentage with acceptance cosmetic outcome depending on A) diameter, B)
nasal location, C) number of stages, and D) depth
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Table 4: Numbering scale used to define depth from histological review

Figure 3: Examples of optimal outcomes following SIH (anatomical location,
Manchester scar scale)
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Table 5: Univariate and multivariate analysis
Logistic (OR, p) for GOOD vs BAD
Univariate regression
0.9817, p=0.271
0.4370, p=0.065

Multivariable regression
1.0133, p=0.582

Ala/Alar groove
Dorsum
Sidewall

1.0767, p=0.877
1.5833, p=0.564
3.0875, p=0.085

0.3686, p=0.329
2.3112, p=0.465
1.7559, p=0.532

Alar groove vs All other lesions
Nasal margin involvement
Defect diameter (cm)
Interval to scar assessment
Stages
Depth (compared with 2)

0.6182, p=0.318
0.7358, p=0.764
0.0701, p<0.001
0.9317, p=0.887
0.1622, p=0.002

2.1465, p=0.500
1.2982, p=0.835
0.0617, p=0.001
0.6842, p=0.557
0.2368, p=0.055

3
4
5
6
8

0.4375, p=0.482
0.0667, p=0.029
0.0616, p=0.010
1
1

0.5491, p=0.629
0.1052, p=0.090
0.0915, p=0.046
1
1

Age
Male vs Female
Location (compared with Tip)
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Discussion
Second intent healing (SIH) is a viable alternative to reconstruction for post-MMS wounds
in the nasal region, with 57.3% of cases healing with favorable outcomes in this study.
Previous studies on SIH in the nasal region have been limited to small case series [9], and
no studies have thoroughly explored factors associated with favorable outcomes by SIH
from a large cohort.

In this retrospective study, post-MMS wounds smaller than 1.06cm healed with optimal
results (defined as MMS of 10.8 or lower), which is corroborated by both univariate and
multivariate analysis with p=0.001. Because the nose is composed of several cosmetic
subunits, larger defects are more likely to involve multiple nasal subunits leading to
increased risk of nasal distortion and resulting in less visually appealing outcome [12].
Larger wounds are under greater traction and contractile forces during the
healing/remodeling phase, leading to poorer outcomes and increased risk of nasal distortion
[13]. Usually in elderly patients with increased tissue laxity, these contractile forces are
reduced. However, our study did not show a significant effect of age on outcome, likely
because the nasal skin is not as permissive as other regions of the face and does not see as
significant a benefit in healing with decreased contractile forces in elderly, sun-damaged
skin. The trend towards favorable outcome in woman may be related to the fact that men
typically have increased sebaceous skin on the nose, which tends to result in poorer
outcomes with SIH due to contrast between scar texture and sebaceous skin texture. Further
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studies could assess sebaceous texture of skin more systematically to validate this
hypothesis.

Although quantitative analysis of defect depth could not be performed due to the limitation
of photography to assess wound depth, histologic analysis offered qualitative
measurements of the deepest depth of the defect seen on frozen sections. Expectedly, as
the depth of defect increased, the defects became more likely to heal poorly. For defects
limited to a depth in the dermis, outcomes from SIH were very favorable, with 92% (35/38)
healing with optimal MMS scores of 10.8 or lower. Multivariate analysis demonstrated that
at a defect depth of the fibromuscular layer, the p value became significant (p<0.05),
indicating that less favorable outcomes resulted from defect depths at the fibromuscular
layer or below. Defects involving deep fat, cartilage or bone all healed with a poor cosmetic
score. It is likely that both defect diameter and defect depth contribute to the final cosmetic
and functional outcome with second intention healing.

Additionally, our data shows that wounds resulting from a single stage of MMS healed
with the best cosmetic outcome, compared to those with multiple stages. This can be simply
explained by the fact that multiple Mohs stages are more likely to result in larger, deeper
defect sizes, evidenced by the fact that number of stages was not significant in multivariate
analysis.
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According to Zitelli [6], the anatomic location on the nose has been described as the most
critical factor for predicting the cosmetic outcome of wounds that heal by SIH. More
specifically, wounds on the concave surface of the nose such as the alar groove tend to heal
by SIH with more favorable results. In our study, location did not have a statistically
significant effect on the outcome of post-MMS SIH, though wounds on the nasal sidewall
had the highest acceptable outcome. This may be due to an overrepresentation of larger
alar defects, as small defects in the alar groove region were mostly excluded from the
analysis because they were predicted to heal well, and these patients were less likely to
require follow-up visits and thus were not captured in our cohort. Involvement of the nasal
margin such as the alar rim was not associated with poor cosmetic outcome in our analysis,
although the data set was small with only four cases involving the alar rim in our series.

This single-institutional study is limited by its retrospective design and lack of systematic
follow-up. The study overrepresents cases that had either patient-initiated follow-up due to
poor outcome or physician-initiated follow-up due to concern for possible poor outcome.
Hence, the reported results likely underrepresent cases with favorable outcome from SIH
in the nasal region, especially for smaller defects on the alar groove. In addition, this study
did not account for global factors that are known to affect wound healing, including
smoking status, obesity and diabetes.

In conclusion, we identified that post-MMS defect diameter of less than 1.06cm was the
most important factor favoring outcomes with SIH in the nasal area, followed by the defect
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depth. Involvement of the nasal margin, patient age, and gender were not significant factors.
Anatomical location on the nasal sidewall trended toward better outcomes with SIH but
did not reach statistical significance. SIH poses several benefits over reconstruction:
granulating wounds rarely get infected [7], they require simple care, and cause appreciably
less bruising, swelling and pain compared to defects repaired with reconstructive
procedures [15]. Most importantly, in an era of cost-conscious medical care, SIH is
significantly more cost-efficient than reconstruction. As a result, SIH is a viable option for
all post-MMS nasal wounds, with special consideration taken for lesions larger than 1.0
cm extending at or below the fibromuscular layer.
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